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tive to fossil fuel is known to increase aldehyde emissions and when photo chemically oxidized, result in smog. In order to characterize this smog problem total particle number concentration, particle number size distribution, light scattering and light absorption measurement equipment were deployed at the University of São Paulo campus area. Here we present the results from three months of measurements from 10 Octo- effect on a regional scale. A total of ten new particle formation (NPF) events were observed. During these events, growth rates ranged between 9-25 nm h −1 . On average, a calculated sulphuric acid vapour abundance of 2.6 × 10 8 cm −3 would have explained the growth with a vapour production rate of 2.8 × 10 6 cm −3 s −1 to sustain it.
The estimated sulphuric acid concentration, calculated from global irradiance and sul-20 phur dioxide measurements, accounted for only a fraction of the vapour concentration needed to explain the observed growth rates. This indicates that also other condensable vapours participate in the growth process. During the events, the condensation sink was calculated to be 12 × 10 −3 s −1 on average.
1 Introduction
Atmospheric aerosols have been shown to affect human health and well-being (Nel, 2005) . They influence visibility and the radiative forcing as they scatter (Cabada et al., 2004) and absorb (Jacobson, 2001 ) solar radiation. The effect can either be direct by scattering (Ramanathan et al., 2001 ) and absorbing (Ramanathan and Carmichael, 5 2008) solar irradiation or indirect by acting as a cloud condensation nuclei (CCN, Clarke and Kapustin, 2010; Lohmann and Feichter, 2005; Poeschl et al., 2010) . The aerosol particles ability to affect these depends on their number concentration, size and chemical composition (Haywood and Boucher, 2000) . They can either be emitted directly into the atmosphere or form there. New particle formation (NPF) depends on the abun-dance of gaseous vapours (especially sulphuric acid), the production of nanometersize clusters and the pre-existing aerosol population (Kerminen et al., 2001; Kulmala, 2003) . Condensable gaseous vapours can either grow existing particles or newly formed particles to sizes were they can act as CCN if they are abundant enough. In the initial formation, and growth, sulphuric acid is an important contributor (Sipilä et al., 15 2010). However, sulphuric acid concentrations can usually explain only a fraction of the observed growth rate (Kulmala et al., 2004) . Large urban conurbations are a significant source of aerosol particles and trace gases, with potential effects on the hydrological cycle (Lohmann and Feichter, 2005) and climate patterns (IPCC, 2007) . Although they only cover a small area of land, they 20 are a significant source of anthropogenic emissions. Atmospheric aerosols and trace gases are tightly connected via physical, chemical and meteorological processes. New ethanol based fuels for the worlds' vehicular fleet have been introduced to reduce the carbon dioxide footprint and our dependence on fossil fuels. However, there are uncertainties associated with their impact on air quality, human health and the climate Introduction São Paulo (Coêlho et al., 2010) . Ethanol as an additive to fossil fuel increase aldehyde emissions which result in a photochemical smog problem (Graham et al., 2008; Haagensmit, 1952; Seinfeld and Pandis, 2006) . The smog is formed from precursor vapours which are oxidized in the atmosphere, resulting in species with low enough vapour pressures to be found in the 15 condensed phase.
We know from previous studies that megacities differ from each other in terms of trace gas levels, particle emission, and ambient air quality (Gurjar et al., 2008; Laakso et al., 2006) . The aim of the study is to characterize the number size distribution and total particle number concentration of the sub-micron aerosol population in the Introduction 
The campaign measurement site
The site is located roughly 10 km from the city centre of São Paulo city, at the western edge of the most densely populated area. The urban city centre is surrounded by vast suburban residential areas populated by 20 million people. This makes São Paulo the 5 worlds' 7th largest city. The city is located on a plateau 760 m above sea level (a.s.l.) surrounded by hills rising as high as 1200 m a.s.l. To the south east, about 60 km away, is the Atlantic Ocean. The climate is subtropical with dry winters (June-August) and wet summers (December-March). The measurements were made at the Armando Salles de Oliveira campus area of USP (Fig. 1) . The campus area is vast, totalling 10 an area of 7.4 km 2 , making the site ideal for tracking ambient aerosols, without strong local sources. This should make the air masses arriving at the station well mixed and make the measurements representative of the ambient pollution burden of the city. The measurement equipments were located on the roof of a four story building in a temperature controlled room. Air was sampled trough two equivalent sampling lines 15 with PM 2.5 inlets mounted 0.5 m above the roof. Aerosol optical instruments were connected to one sampling line and total particle number concentration and particle number size distribution measurements were sampling through the other. Total particle number concentrations were measured with a condensation particle counter (CPC, Model 3022, TSI Inc, St. Paul, MN, USA, Sem et al., 2002) and number size distribu-20 tions with a Differential Mobility Particle Sizer (DMPS, Hopke et al., 1978) . A Neutral cluster and Air Ion Spectrometer (NAIS, Kulmala et al., 2007) , also measuring size distributions, was placed outside in a cabinet with a sampling line of its own. The temperature of the cabinet was elevated above ambient to avoid condensation inside the instrument. Introduction 
Supporting measurement stations
In addition to the measurements at the campaign site we took use of meteorological and trace gas measurements from existing measurements stations. The meteorological station closest to the campaign site was 100 m away at the Institute of Astronomy, Geophysics and Atmospheric Science (IAG, de Oliveira et al., 2002) . The meteorolog-5 ical station is operated by the micrometeorology group at USP. In addition, trace gas data provided by CETESB was used in the analysis. They maintain a network of atmospheric monitoring stations in the state of São Paulo. The closest available station measuring sulphur dioxide (SO 2 ) was the Osasco monitoring station located some 6 km away, in a suburban surrounding. The other two monitoring 10 stations (Congonhas and Cerqueira Cesar), also fairly close to the campaign site, but based on our assessment, were discarded for being in too different surroundings in comparison to the campaign site.
Instrumentation

Differential Mobility Particle Sizer (DMPS)
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Sub-micron aerosol number size distribution and total number concentration was monitored with a DMPS system (Aalto et al., 2001) . To minimize diffusion losses two aerosol flow arrangements were used in the same Vienna-type Differential Mobility Analyzer (DMA, Winklmayr et al., 1991) with closed sheath flow arrangements. The DMPS was set to measure number size distributions from 6-800 nm mobility diameters. For the These flow rates result in the same non-diffusional transfer function with a β of 1/5 as described by Zhang and Flagan (1996) . Introduction The high voltage supply for the DMA was calibrated between 0 and 1 kV and a similar slope was assumed for the whole range. This was verified by sampling 404 nm latex particles and changing the sheath flow of the DMA. The calibration of the CPC used in the DMPS system is described in the calibration section of this paper.
Neutral cluster and Air Ion Spectrometer
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To be able to track the initial steps of NPF and the processes associated with these a Neutral cluster and Air Ion Spectrometer (NAIS) was deployed. NAIS measures mobility distributions in the range 3.2-0.0013 cm 2 V −1 s −1 which corresponds to mobility diameters ranging from 0.8-42 nm (Mirme et al., 2007) . The instrument is a further development of the Air ion Spectrometer (AIS) which only measures naturally charged 10 particles. The ability of NAIS to measure neutral clusters arises from the unipolar corona chargers. In the neutral particle mode, the particles are charged with corona chargers and the charging probability is calculated using Fuchs theory (Fuchs, 1963) . Before the sample enters the DMA's some of the corona charger ions are filtered out using electrical post-filters. Mobility distributions are measured with two DMA's in par- charging probability, and charging method differ.
Optical properties
The optical properties tracked were light scattering coefficients and black carbon (BC) mass concentrations. Thermo Scientific, Franklin, MA, USA). The aerosol was dried with a diffusion drier. The nephelometer measures light scattering coefficients at 450, 550, 700 nm wavelengths (Anderson and Ogren, 1998). Scattering coefficients were corrected for angular truncation error according to Anderson and Ogren (1998) . Instrument calibration was done using particle free air and carbon dioxide. Scattering coefficients measured with 10 a relative humidity (RH) exceeding 50 % were discarded, which was less than 30 % of the dataset.
BC concentrations measured with the MAAP were measured at a wavelength of 637 nm (Petzold et al., 2005) . The BC mass concentrations of the MAAP were calculated to light absorption coefficients using mass absorption cross-section (MAC) sys- 
Instrument calibrations
Prior to deployment, the CPC's were calibrated with the aid of an electrometer (Model 3068, TSI Inc., St. Paul, MN, USA). The calibration setup was principally the same as is described in the technical paper by Agarwal and Sem (1978) . Silver particles were produced by heating silver in an oven to 1000-1060 cut-off diameter of the CPC's against the reference electrometer in the single particle counting mode (10 3 -10 4 cm −3 ). Ideally, the particle number concentrations measured with the CPC's and the electrometer would be the same (slope 1 : 1). The slope was determined with 50 nm particles, well above the cut-off diameter of the CPC's. In photometric mode, the CPC's were compared against each other onsite with 50 nm sodium 5 chloride particles and operated side-by-side with the DMPS. The cut-off diameters were determined both with and without aerosol driers inline. In this way we were able to estimate the effect of diffusional losses in the driers, represented by an equivalent length of tube losses in the sampling line. The CPC (Model 3772, TSI Inc., St. Paul, MN, USA) used in the DMPS had a cut-off diameter of 6 nm.
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With the NAPHION (Permapure LLC, Toms River, NJ, USA) diffusion drier in the DMPS the cut-off size was 13 nm. From these results the equivalent length of the drier was calculated to be 13.3 m. The cut-off diameter of the TSI 3022 CPC was 5 nm. With its Topas (Topas GmbH, Dresden, Germany) diffusion drier the cut-off was at 7 nm. This was calculated to be equivalent to 2.7 m of sampling line. 
New particle formation event analysis
New particle formation (NPF) depends on the competition between the initial growth of the nuclei and their scavenging by the pre-existing particulate population . The condensation sink (CS) is a measure of the molecule loss from gas phase to the existing particle surface via condensation (Dal Maso et al., 2002; Kulmala 20 et al., 2005) . When the CS is low, also small condensable vapour source rates (Q) are enough for small particles to form and grow. However, when the CS is large, the vapour abundance needed for the particles to form, grow, and survive to observable sizes need to be substantially larger . While CS can be a limiting factor for NPF, the fact that these events occur at heavily polluted areas proves a large 25 abundance of condensable vapours. In this study, the vapour concentration (C vap ) needed to explain the growth was calculated using Eq. (8) The NPF event days and the formation rates of particles were determined according to the method described by Dal Maso et al. (2005) . The formation rate (J) was calculated using particle concentrations in the size range 6-20 nm for the DMPS data and 2-3 nm for the NAIS data, denoted J 6 and J 2,TOT , respectively. The formation rate of 5 6 nm particles (J 6 ) can be expressed as
Here N 6 is the number concentration of 6-20 nm particles, CoagS is the coagulation sink of the pre-existing particles, ∆d p is the width of the 6-20 nm size range, and the growth rate (GR) of the particles in the same size range. CS is calculated from the 10 particle number size distributions with the method presented by Kulmala et al. (2001) .
For the growth rate calculations we first determined the times of the concentration maxima in each of the size bins. Linear least-square fits were made to these points. The slope of these fits is the GR. A more thorough description of the method is given by Hirsikko et al. (2005) .
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The NAIS also measures naturally charged particles down to 0.8 nm in diameter, thus enabling us to observe the first steps of NPF events. The calculations of 2 nm ion formation rates (J 2 ) from 2-3 nm ion concentrations (of both polarities) were done according to Manninen et al. (2009a) as
were the superscripts ± denote the particle charge. There are now two additional terms in comparison to Eq. (1). Additional losses for the ions occur via ion-ion collisions, which was estimated assuming a recombination coefficient (α) value of 1.6 × 10 −6 cm 3 s −1 (Tammet and Kulmala, 2005) . Ion-neutral attachment was taken into account with the ion-neutral attachment coefficient (β) of 10 −8 cm 3 s −1 (Tammet 25 and Kulmala, 2005). Sulphuric acid is very likely closely linked to atmospheric NPF (e.g., Weber et al., 1996) . As no measurements of sulphuric acid were measured at the campaign site, we estimated the concentrations using the method presented by . In steady-state conditions the proxy for sulphuric acid concentration is
Here [SO 2 ] is the sulphur dioxide concentration, GlobRad is solar radiation intensity, and CS the condensation sink by the pre-existing aerosol. For the scaling factor k we 5 used a value of 1.4 × 10 −7 · GlobRad −0.7 m 2 W −1 s −1 . This is based on measurements in a boreal forest environment in Finland , and therefore should be considered as relative abundances rather than precise absolute concentrations.
Results and discussion
The results presented were measured during 10 October 2010 and 10 January 2011 10 and are representative of the spring and early summer in São Paulo region. In spring, bursts of intense rainfall become gradually more frequent, and reach a maximum in February.
Total particle number concentration
The three month average total particle number concentration was 20. There is a clear diurnal pattern in the total particle number concentration (Fig. 2a ) and the nucleation, Aitken, and accumulation mode particles (Fig. 2b) . This is what we would expect since the largest single source of sub-micron particles is traffic related. Figure 2a shows that the median night time total particle concentration is between 1.2× 10 4 -1.7×10 4 cm −3 from midnight to 06:00 LT. During office hours (07:00-15:00 LT), the median concentrations reach up to 2.9 × 10 4 cm −3 . In the evening the median values were typically 1.6 × 10 4 cm −3 . Worth noticing are the variations in the statistical edges 5 indicated with black whiskers in the figure. No precipitation data were available so we can only make educated guesses on the origin of these extremes. Increased wet deposition due to intense precipitation partly explains the lower extremes, while the upper extremes are likely to originate from NPF events or anthropogenic emissions (Allen et al., 2009; Hyvärinen et al., 2009; Hyvärinen et al., 2010) . Figure 2b represents the diurnal evolution of number concentration of nucleation mode (6-25 nm), Aitken (25-90 nm) and accumulation modes (90-800 nm). The nucleation mode particles explain a large fraction of the variation in the total particle number concentrations. In the evening the total number concentration is dominated by Aitken mode particles. The accumulation mode particles peak in the afternoon and 15 they account for only a small fraction of the total particle number concentration.
Particle concentration as a function of week day is presented in Fig. 3 . In general, the weekend particle number concentrations were lower than during weekdays, because there is less traffic during weekends (Silva Júnior et al., 2009) . Sunday had the lowest and Friday the highest median particle number concentrations, 1.3 × 10 4 and 2.3 × 20 10 4 cm −3 , respectively.
Particle number size distributions
The median particle number size distribution during the measurement period is shown in Fig. 4 . A peak of the median number size distribution is at 24 nm. We fitted three modes to the size distribution with the method described by Hussein et al. (2005) .
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Based on the median number size distribution, the nucleation mode is responsible for most of the particles by numbers. The modal peak of the nucleation mode was at 18 nm. The Aitken mode particles in the size distribution had a peak at 50 nm and the 30430 Introduction accumulation mode peaked at 206 nm. The median particle number concentrations for the nucleation, Aitken and accumulation modes were 8600, 6900, and 500 cm −3 , respectively. The widths (σ) of the modes were calculated to be 1.96 for nucleation mode, 1.99 for Aitken mode and 1.40 for the accumulation mode particles. Furthermore, count mean diameters (CMD) and surface mean diameters (SMD) 5 were calculated from size distribution measurements. These reflect the diurnal behaviour associated of the aerosol dynamics, pollution sources, and boundary layer conditions. Firstly, traffic is the most intense during office hours (Fig. 2) , and there is a morning and an afternoon rush hour. Traffic is the dominant source of primary aerosol particles. Secondly, atmospheric stability plays a vital part in ground level pol-lution (both trace gas levels and particle concentrations). At dusk, a nocturnal layer can be formed, and breaks up after dawn, when solar irradiance induces convective mixing. A stable nocturnal boundary layer suppresses the mixing of ground level pollution with the residual layer above. Depending on how strong the thermal convection is, the mixing height can vary. The higher the mixing height, the more the ground level con-
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centrations gets diluted with the residual layer above. Evidently, this happens during morning rush hours (Fig. 5) . At night, when there is less emission of primary particles, and little convection, physical processes grow the pre-existing particles. They grow in size by coagulation and condensation. This can be seen from Fig. 5 , were both CMD and SMD have their maximum at night. During the day, freshly emitted primary par-20 ticles dominate. Then, particles that grew during the night have been mixed trough out the mixing layer, explaining the low CMD and SMD values during the day. The same behaviour has been reported for New Delhi. There the geometric mean diameter (GMD) was low in the afternoon and increased into the night (Mönkkönen et al., 2005) .
Aerosol optical properties
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Aerosol optical properties are of climatological significance (Haywood and Boucher, 2000) . In exponents (α SP ) are plotted. The optical properties σ SP , σ AP , and ω 0 are reported at a wavelength of 637 nm.Ångström exponents were calculated from σ SP measured at 450 and 700 nm wavelengths. Furthermore, the diurnal behaviour of CMD and SMD were plotted in the same picture to show how they relate to the optical properties of the aerosol. All of these show a clear diurnal pattern. , 1998) . The single scattering albedo (ω 0 ) calculated from σ SP and σ AP (at 637 nm) show a decrease in the morning (minimum at 07:00 LT) and then a peak in the afternoon (13:00 LT). The minimum in the morning was 0.63. The minimum is consistent with the absorption peak discussed earlier, indicating a significant contribution of soot par-20 ticles to the aerosol population. During morning rush hour it is likely that the night time boundary layer has not yet fully broken up while traffic is already heavy. When it breaks up, the pollution is diluted due to convectional mixing, and absorption coefficients decrease at ground level. This hypothesis is supported by the fact that both CMD and SMD are at their minima in the afternoon. When the total particle number concentra-25 tions are the highest (Fig. 2) both CMD and SMD have their minimums (Fig. 5e-f) . It implies that the primary soot aerosols from the vehicular fleet are small in size and dominant in number. After the morning rush hour, when convectional mixing increases and photochemistry come into play, ω 0 experiences a gradual increase reaching a peak median value of 0.85 at 13:00 LT. In the evening, there is a gradual decrease again, probably due to evening rush hour. According to Ramanathan et al. (2001) , ω 0 values below 0.85 result in a positive climate forcing with a warming effect due to absorbing aerosols. Further-5 more, if they are abundant enough, they may affect the vertical temperature structure in the troposphere with implications to atmospheric convection and cloud formation (Hansen et al., 1997; Herrmann and Hänel, 1997) . The low ω 0 values presented here indicate that the City of São Paulo has a direct net warming effect on a regional scale.
Median values of the scatteringÅngström exponents (α SP ) range between 1.3 and 10 1.67 during the day (Fig. 5d) . α SP is dependent on particle size and therefore the number size distribution of the aerosol. Values greater than 1.0 are typically associated with fine mode particles from incomplete combustion processes. Values lower than 1.0 are typically associated with large particles like sea salt and dust (Eck et al., 1999) . When compared, SMD and the size dependent α SP reflect the same behaviour of the 15 aerosol. When the SMD is low, α SP is high and vice versa.
New particle formation events
NPF events have been observed all over the world, from pristine atmospheric conditions in Antarctica (Virkkula et al., 2007) to heavily polluted continental areas like Mexico City, Mexico (Kalafut-Pettibone et al., 2011), New Delhi, India (Hyvärinen et al., 20 2010), in the Himalayas (Neitola et al., 2011) , and oceanic NPF events in the South Pacific (Kulmala et al., 2004 , and references therein). We show that NPF events also occur in such heavily polluted areas as São Paulo. Out of ten NPF events (Table 1) A summary of the parameters derived from the NPF events as described in the methods section of this paper is given in Table 1 . We chose to compare our results with results from New Delhi, India (Mönkkönen et al., 2005) , Beijing, China (Wehner et al., 2004) , and Mexico City Mexico (Dunn et al., 2004; Kalafut-Pettibone et al., 2011) . In São Paulo, we observed GR between 9 and 25 nm h −1 . In New Delhi, India similar
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GR have been observed (11-18 nm h −1 , Mönkkönen et al., 2005) . Also similar GR have been reported for Mexico City (Kalafut-Pettibone et al., 2011) ranging from 6-18 nm h −1 . This is an order of magnitude higher GR than what has been reported for a remote site in the Indian Himalayas (Neitola et al., 2011) . Mönkkönen et al. (2005) reported NPF with a CS of 50-70 × 10 −3 s −1 which is by a factor of 3-11 more than 10 what was measured in São Paulo, 6-17 × 10 −3 s −1 . Similarly, the vapour production rate in New Delhi (9 × 10 6 -14 × 10 6 cm −3 s −1 ) was up to one order of magnitude more than for São Paulo (1.5-3.5 × 10 6 cm −3 s −1 ). In contrast to NPF in pristine conditions (e.g., Dal Maso et al., 2005), we observed NPF events with a much higher pre-existing aerosol population of 2 × 10 4 cm −3 on 2 November 2010 (Fig. 6 ).
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The most intense (Class Ia) NPF event observed had a GR of 9.3 nm h −1 . The particle number size distributions measured during the event are presented in Figs. 6 and 7.
The event begins at 09:00 LT. Due to the fast growth of the particles the events show up roughly the same time in both instruments. In Fig. 6 we can see a similar drop in total aerosol surface area before the event begins as was seen in Beijing, China (Wehner 20 et al., 2004) . The sulphuric acid proxy concentration (H 2 SO 4 ) shown in the lower panel of Fig. 7 . H 2 SO 4 proxy starts to increase already at 08:00 LT, an hour earlier than the NPF event. Later, when the H 2 SO 4 proxy concentration decreased just before noon, no new particles are formed, while the freshly nucleated particles continue to grow into larger sizes. There are two possibilities for this behaviour. Either there is a threshold
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H 2 SO 4 concentration of approximately 5×10 6 cm −3 or the trace gas monitoring station further away measures another air mass (time delay). Furthermore, when there are no more nucleating vapours, the solar irradiation still increases to a maximum between 11:00 and 12:00 LT. The decline in the sulphuric acid proxy between 09:00 and 10:00 LT ACPD 11, 2011 The variability of urban aerosol size distributions and optical properties is due to less SO 2 , not solar irradiation. Increasing mixing height due to thermal convection, as the day grows older, mixes ground level SO 2 troughout the boundary layer (Fig. 8) . This reduces H 2 SO 4 concentrations which are closely linked to NPF. Since the trace gas monitoring station (used to derive H 2 SO 4 the proxy) is some 6 km away from the measurement site it adds uncertainties to both the timeframe and 5 absolute concentrations. However, from a rose plot (not included), the origin of the SO 2 is the city centre. As both the H 2 SO 4 proxy and the NPF event match, we can expect to have nucleating particles at both stations. At a boreal forest environment in Finland, Nieminen et al. (2009) reported an order of magnitude lower threshold concentration of 3 × 10 5 cm −3 based on measured H 2 SO 4 . The H 2 SO 4 concentration 10 needed to explain the growth in São Paolo, was on average, 2.6 × 10 8 cm −3 (Table 1 ).
The average H 2 SO 4 proxy concentration was over an order of magnitude less (1.1 × 10 7 cm −3 ). However, still considering the uncertainties, there are most likely other vapours (e.g. organics) present in these NPF events contributing to particle growth (Jimenez et al., 2009; Orlando et al., 2010) . This is consistent with observations at 15 other locations (Kulmala et al., 2001; Wehner et al., 2005) .
Evaporation from sub-micron particulate matter
The growth of particles by condensable vapours is dependent on their abundance. To find these vapours in the condensed phase, their mixing ratio must exceed their saturation level. Oxidation lowers the saturation vapour pressure of the gases, thus making 20 them more likely to condense. If the condensational growth of particles stops, the gas to particle (and vice versa) interactions are at steady state. Should the atmospheric conditions change in a way that the concentration of the precursor vapour decreases, the condensed species start to evaporate, making the particles shrink in size. We observed that the ambient sub-micron particle modes decreased in size between Introduction conditions change. We can see that the existing population of 36 nm particles shrink, most probably by evaporation, to 16 nm (Fig. 9) . The rate of shrinking was calculated to be 5.2 nm h −1 . Shrinking accumulation mode particles can also be seen, however not as clearly, starting before noon. The global irradiance data suggest that during morning hours, until 11:00 LT, it was partly cloudy (Fig. 9 ). After 12:00 LT, when there was little 5 or no cloud cover. Either the stable nocturnal boundary layer broke up or the boundary layer mixing height increased. Thus, diluting total particle concentrations and the trace gases, explaining the observed evaporation. No atmospheric stability parameters were available but both of these plausible cases result in the same dilution of near ground level concentrations.
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In this case, atmospheric conditions seem to change more rapidly than the vapour pressure decreases by photochemical oxidation. No mass spectra of these particles were measured, so it remains unclear which vapours were evaporating.
Conclusions
The use of bio-ethanol as an alternative fuel is envisioned to lessen our dependence 15 on fossil fuels in urban transportation. However, there are uncertainties associated with their use, and they need to be addressed. The huge area of São Paulo has a population base of 20 million, and a large vehicular fleet (7.2 million). These vehicles use bio-ethanol as an additive which results in increased precursor vapours that form smog via photochemical processes. We tracked particle number size distributions, total 20 particle number concentrations and optical properties to get a better understanding of the air pollution of the city. Our data can further be used to assess the impact on the local climate and human health (Davidson et al., 2005; Lohmann and Feichter, 2005; Ramanathan and Carmichael, 2008) .
Our measurements show clear diurnal patterns in sub-micron aerosol number size distribution and aerosol optical properties in São Paolo, Brazil. Hourly median total particle number concentrations were close to 3 × 10 4 cm −3 during the day, and frequently warming effect by the pollutants on a regional scale. Both the light scattering, light absorption and particle number size distribution measurements illustrate the daily evolution of the particles as they are emitted, grow by condensation and coagulation, and are diluted by convection in the boundary layer. The observed cycle is related to boundary layer meteorology, photochemistry, and the physical processes governing the fate 15 of these particles but their unique roles in São Paulo remains to be quantified. During the three month period we found ten new particle formation events, which were classified. Four of these could be further analyzed in order to explain the conditions associated with the events in the city. GR in São Paulo were similar to those reported for Mexico City (Kalafut-Pettibone et al., 2011) and New Delhi (Kulmala et al., 20 2005; Mönkkönen et al., 2005) . We found a large CS during NPF events in comparison to pristine conditions. However, the CS during NPF events in New Delhi was by a factor of 3-11 times higher than in São Paulo. Consequently the vapour production rate replenishing the condensable vapours was an order of magnitude lower in São Paulo in comparison to New Delhi. The vapour abundance was estimated to be 2.6 × 10 8 cm Discussion Paper | Discussion Paper | Discussion Paper | Discussion Paper | São Paulo and some of which are semi-volatile. We also observed evaporation from the sub-micron aerosol population as the modal diameter of the Aitken mode particles decreased. Semi-volatile vapours would explain the observation. Based on these results we decided to continue our measurements in the city of São Paulo since more experimental evidence is needed to corroborate these observations. 
20
Dal Maso, M., Kulmala, M., Riipinen, I., Wagner, R., Hussein, T., Aalto, P. P., and Lehtinen, K. E. J.: Formation and growth of fresh atmospheric aerosols: eight years of aerosol size distribution data from SMEAR II, Hyytiala, Finland, Boreal Environ. Res., 10, [323] [324] [325] [326] [327] [328] [329] [330] [331] [332] [333] [334] [335] [336] 2005 . Davidson, C., Phalen, R., and Solomon, P.: Airborne particulate matter and human health: -----------31 Dec II  -----------1 Jan  Ib  --------- . Class II type event during morning hours and a shrinking mode in the early afternoon on 12 October 2010. During the evaporation (from 14:00 to 17:00 LT) the total particle concentration declines constantly. The evaporation rate of the shrinking mode was calculated to be 5.2 nm h −1 . The split between NAIS and DMPS data in the picture is at 15 nm.
